the slide was regarded as positive. If no microfilariae were seen, the slide was re-examined a few minutes later before being recorded as negative or positive. Every tenth positive slide was left for the microfilariae to emerge fully. The skin snip was then removed, the saline allowed to dry, the slide stained with Giemsa, and the microfilariae identified.
Preliminary investigation showed the following facts:
(a) When the snip over the iliac crest was negative, repeated skin snips from other sites only occasionally revealed microfilariae.
(b) A snip that was negative before teasing only occasionally revealed microfilariae after teasing.
(c) Microfilariae other than those of Onchocerca volvulus were rarely found in skin snips collected in this way. Apart from the microfilaria of Onchocerca volvulus, only one microfilaria, that of Agamofilaria streptocerca, is known to occur in the skin of man. As far as the author is aware, this second microfilaria has not been reported in a Northern Nigerian, and no case of this infection was found in the slides stained in the course of the present investigation. Blood-borne microfilariae are common, but only once were they found in a skin snip.
Admittedly this technique, in which only one snip is taken, the snip is not teased, and only every tenth slide is stained, may sometimes be inaccurate in the individual case. It does however allow about one hundred persons to be examined daily by two dressers, and permits a comparison to be made of the incidence of onchocercal infection in different communities, without subjecting patients to multiple skin snips.
Determining the Intensity of Infection.-The intensity of infection in an individual is perhaps best assessed by determining the concentration of microfilariae in the skin. Previous workers, e.g. Hughes and Daly (1951) , have counted the number of microfilariae collected from skin scarifications or the number of microfilariae emerging from skin snips. Kershaw and others (1954) counted the number of microfilariae which emerged from a weighed and teased snip, and calculated for each patient the mean number of microfilariae per mg. of skin.
In the present investigation, when a slide was found positive, the number of microfilariae per microscope field was recorded. It is not claimed that these records give an accurate measure of the intensity of infection in the individual, but large numbers may provide a guide to the intensity of infection in a community.
In addition, the technique described by Kershaw and others (1954) was employed in three places. This technique is more accurate, but because it is time consuming and cannot be delegated to junior staff it was only used for a small sample of patients in these three villages.
Ophthalmological Examination.-Visual acuity was tested using an illiterate E test, and ability to count fingers at distances up to 6 m. A dark room was prepared wherever ocular examinations were made. Focal illumination, loupe, slit lamp, and electric ophthalmoscope were employed. Only onchocercal eye lesions are recorded in this paper; reduced vision due to causes other than onchocerciasis has been omitted. The onchocercal lesions will be described elsewhere, but were similar to those recorded by Hissette (1931 Hissette ( , 1938 , Ridley (1945) , and Toulant and Boithias (1950a, b Survey Findings (1) Differences in Incidence of Onchocercal Infection in Different Communities.-The incidence of onchocercal infection, ocular lesions, and blindness increases with increasing age and is somewhat higher in men than in women. Since the age and sex distribution of the persons examined at the different villages was different, it is necessary to calculate standardized rates when comparing the incidence of onchocerciasis. For each village the number of persons examined and the number with positive skin snips were recorded in 10-year age groups for men and women separately. From these figures, standardized rates for the incidence of onchocerciasis were calculated by the direct method, using the total population of the Northern Region of Nigeria (Government Statistician, 1953) as the standard population. The results are recorded in Table I , which shows wide differences in the proportion of infected persons in the different communities surveyed. Table I were found to be associated with differences in the density of microfilariae in the skin of infected persons, and in the incidence and severity of the clinical signs. Where the infection rate is highest, infection occurs at an early age; all adults have positive skin snips; the density of microfilariae in the skin is high; nodules are common; skin changes are advanced. On the other hand, where the infection rate is lowest, infection tends to occur later in life; the positive skin snip rate does not rise to 300 per thousand in any age group; the density of microfilariae in the skin is low; nodules are less common, skin changes rarely progress beyond the stage of lichenification. Between these two extremes there is a gradual shift.
To compare the number of microfilariae seen emerging from the skin snips taken from all infected persons, the villages were grouped according to the infection rate as in Table I (Table II) . This difference is associated, as is recorded elsewhere (Kershaw and others, 1954) , with the concentration and distribution of microfilariae in the skin of the body as a whole.
(4) Ocular Lesions and Visual Acuity.-In studying the relationship between the incidence of the different ocular lesions, it is necessary to remember that when anterior segment lesions are advanced they prevent examination of the structures behind them, and that therefore any lesions of these posterior structures would not be recorded. One might assume that wherever such a lesion of the anterior segment occurred the structures lying behind it were also diseased, but this would almost certainly be an over-correction. In the present survey the fundus could be examined in all eyes with visual acuity of 6/24 or better, but in some patients with visual acuity of 6/36 the fundus details were obscured. For each group of villages the' actual number of persons examined, the number infected, and the number with each type of ocular lesion was recorded in 10-year age groups for males and females separately. The ipcidence of infected persons, and of each type of ocular lesion which would occur at the same rates in the standard population were calculated for each age and sex. The standardized incidence of each eye lesion per 1,000 infected persons was calculated for each group of villages. The results are given in Table III .
It is apparent that the proportion of infected persons who suffer from each eye lesion, excepting possibly choroidoretinal lesions, increases as the incidence of infection in the community increases. The statistical significance of these differences can be more easily assessed from the actual numbers of eye lesions recorded, by comparing them with the numbers which would have been expected to occur in each group of villages had the incidence of each eye lesion been a constant proportion of the number of persons infected. The number of persons expected to suffer from each eye lesion in each 10-year age group was calculated separately for males and females on this assumption. For each group of villages the total number of persons expected to suffer from each eye lesion was found by adding the numbers for the separate age and sex groups. Standardized rates were calculated per 1,000 eyes in infected persons.
*The sum of the number of lesions is greater than the total number of eyes with reduced vision because some eyes had multiple lesions. Fig. 1 shows that, for iridocyclitis, whether causing blindness or associated with severely or moderately reduced vision, there is a continuous increase in the ratio of observed to expected incidence, as the proportion of infected persons in the community rises. Moreover the differences between the observed incidence and the expected incidence are statistically significant (Table III) On the other hand the incidence of choroidoretinal lesions represents a more constant proportion of the number of persons infected. Considering persons with reduced vision, it can be seen that there is no regular upward trend in the ratio of observed to expected incidence of such lesions from lightly to heavily infected areas, and that such differences as are found are group.bmj.com on August 15, 2017 -Published by http://bjo.bmj.com/ Downloaded from HUMAN INFECTION WITH ONCHOCERCIASIS not statistically significant. If, however, only blind persons are considered, the upward trend is again obvious and the differences are significant. These differences may in fact be greater than recorded because anterior segment lesions occur more commonly in heavily than in lightly infected communities, and when they are sufficiently advanced to cause blindness prevent any view of choroidoretinal lesions which may be present.
The proportion of infected persons with keratitis, iridocyclitis, or optic atrophy not associated with choroidoretinal lesions increases markedly with the intensity of infection in the community. In the present survey, the standardized incidence per 1,000 infected persons of eyes with iridocyclitis was six in lightly infected areas, 35 in moderately infected areas, and 131 in heavily infected areas.
The incidence of choroidoretinal lesions is difficult to assess because the fundus is sometimes obscured by lesions of the anterior segment, but the figures suggest that the number of eyes with choroidoretinal lesions is fairly closely related to the number of infected persons. In the present survey, the standardized incidence per 1,000 infected persons of eyes with choroidoretinal lesions was 21 in lightly infected areas, 46 in moderately infected areas, and 40 in heavily infected areas. The incidence of choroidoretinal lesions, compared with that of other ocular lesions, is more closely related to the number of persons infected, and less closely related to the intensity of infection in the community.
During the past 3 years the author has seen seven patients with active papillitis. All these patients lived in heavily infected villages; all had intense infections at the time of examination, and all but two had microfilariae in the anterior chamber. Although the series is small, it suggests that onchocercal papillitis, unlike choroidoretinal lesions, is always associated with a high intensity of infection and possibly with invasion of the optic nerve by microfilariae. In the present investigation, optic atrophy occurring without choroidoretinal lesions was almost limited to heavily infected areas, and these lesions may have beer due to previous papillitis. (6) Differences in Incidence of Blindness related to Incidence of Onchocerciasis. -Fig. 2 (overleaf) shows that the proportion of infected persons who become blind increases with the incidence of onchocerciasis in the community, and that the high figures in heavily infected areas are largely due to a rise in the incidence of iridocyclitis, keratitis, and optic atrophy in these areas. Moreover, whereas, in heavily infected communities, onchocercal blindness occurs in some young adults, in lightly infected areas it is limited to persons over 50 years of age.
Discussion
Relationship between Incidence and Intensity of Infection.
The figures for density of skin infection are not entirely satisfactory because those collected from all persons examined were not an accurate
In the villages surveyed, choroidoretinal lesions do not seem to follow the same trend as anterior segment lesions and optic atrophy. It would appear that in contrast to anterior segment lesions, their incidence depends rather more directly on the number of persons infected, and rather less on the density of infection of those persons. For this there are two possible explanations:
(a) Choroidoretinal lesions are not due to the local death of microfilariae. They may result from a sensitivity reaction to an antigen, or possibly from a direct reaction to a circulating toxin, the antigen or toxin being produced by microfilariae or adult worms elsewhere in the body.
(b) Microfilariae reach the posterior segment of the eye by a route which allows them to invade this part of the eye whether the intensity of infection is light or heavy.
The first suggestion is perhaps more acceptable, and is supported by the evidence of Bryant (1935) who, finding no microfilariae or histological evidence of inflammatory reaction in two eyes with choroidoretinal changes, concluded that the lesions were due to a circulating toxin secreted by adult worms. The evidence of Semadini (1943) is also of interest: he reported the histological findings of Prof. Vogt in the eye of a Swiss geologist, in which choroidal changes had been noted during life. Microfilariae were found in the cornea, subconjunctiva, iris, ciliary body, sclera, and episclera, but not in the choroid or retina. A lymphocytic inflammatory reaction was present in the choroid. However, both Hissette (1931, 1938) and Ridley (1945) stated that all onchocercal eye lesions were due to the local presence of microfilariae, and although the present findings in Nigeria do not confirm this view it seems reasonable to expect that when infection is so intense that microfilariae find their way into the iris and ciliary body they may also migrate to the choroid.
The choroidoretinal lesions commonly seen in infections of moderate or low intensity may be due to an antigen or toxin produced elsewhere in the body, but this does not rule out the possibility, in patients with intense infection, of an invasion of the choroid by microfilariae producing choroidoretinal lesions (possibly of the exudative type not seen in the present surveys).
Some previous workers have suggested that nutritional factors may play an important part in determining regional and tribal differences in lesions. Hughes and Daly (1951) considered it probable that vitamin A deficiency might account for the high incidence of corneal opacity in the series reported by Ridley (1945) , and that vitamin B deficiency might account for the predominance of choroidoretinal lesions and particularly optic atrophy in their own series and that of Bryant (1935) . It is conceivable that this is so, but to prove the theory it would be necessary to show that the differences in incidence of the various ocular lesions are in fact associated with differences in severity of the vitamin deficiencies blamed, and that the association between ocular lesions and intensity of infection which has been demonstrated in this paper is a local coincidence not found elsewhere.
